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[57) ABSTRACT

A method and apparatus for positioning a patient ar-
ranged on the top of a patient table wherein two X-ray
images are formed from different perspectives after
which they are stored. After the first X-ray image, the
table top is displaced in two mutually perpendicular
directions and a marker which is electronically super-
posed on the X-ray image on a monitor 1s also shifted
until it is situated in the region in the X-ray image which
is to be positioned. After a second X-ray exposure this
operation is repeated. The shift of the marker in the
different directions on the monitor or the displacement
of the table top in the three spatial directions are not
mutually independent but are derived from the value
obtained at the end of the first positioning operation.

8 Claims, 3 Drawing Sheets
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METHOD OF POSITIONING A PATIENT
ARRANGED ON A TABLE TOP OF A PATIENT
TABLE, AND APPARATUS FOR PERFORMING

THE METHOD

This is a continuation of application Ser. No. 400,185,
filed Aug. 29, 1989 now abandoned.

BACKGROUND OF THE INVENTION

The invention relates to a method of positioning a
patient arranged on the top of a patient table, where a
first X-ray image 1s formed with the central ray extend-
ing in a first direction, which image is electronically
stored. The table top is then displaced in a first direction
and a second direction which 1s perpendicular thereto
during a first positioning operation, the X-ray image
and an electronic marker superposed thereon being
shifted relative to one another on a monitor in accor-
dance with the path of travel. The invention also relates
to an apparatus for performing the method.

For many examinations and treatments in the medical
field it is necessary to bring a given region of a patient
in an exactly defined position. For example, for the
crushing of renal calculi the patient must be moved in
space so that the concrement, i.e. the renal calculus, 1s
positioned exactly in the focus of a shock-wave genera-
tor for crushing concrements.

It 1s known that in apparatus of this kind the location

and positioning can be performed by means of an X-ray
fluoroscopy device. The table top is then displaced
under fluoroscopic control from different perspectives
until the image of the renal calculus 1s situated in a given
position within the fluoroscopic image, for example 1in
the center of the image, the position being made visible
preferably by means of a suitable electronic marker, for
example by means of cross-hairs. It i1s a drawback that
during such a positioning operation not only the patient
but also the operator is exposed to a comparatively
large radiation dose, because fluoroscopy is continued
until the renal calculus is situated in the desired position.

In the method and apparatus described in the pream-
ble, being known from EP-OS 160 583, the radiation
dose is reduced because positioning is performed by
means of a single X-ray image for which the X-rays
need only be briefly switched on. However, accurate
positioning can then be realized only if the concrement
happens to be already present in the plane parallel to the
table top in which its desired position is situated. Other-
wise accurate position is not possible, that is to say not
in the jongitudinal and the transverse direction of the
table top either, because an X-ray image is a central
projection.

SUMMARY OF THE INVENTION

It is the object of the present invention to enable
accurate positioning of a patient using a lower radiation

dose.
On the basis of a method of the kind set forth this

object is achieved in accordance with the invention in
that from a second perspective a second image is
formed and electronically stored, the table top subse-
quently being displaced in a third direction perpendicu-
lar to the first two directions, during a second position-
ing operation, the displacement in the third direction
being automatically linked to a displacement in the first
and the second direction so that the path of travel in the
first and the second direction is proportional to the
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product of the path of travel in the third direction and
the path of travel in the first and the second direction
during the first positioning operation, the relationship
between the relative displacement of the marker and the
table top displacement being calculated from the paths
of travels after the first exposure, said displacements
being performed as calculated.

Thus, in accordance with the invention two X-ray
images are formed from different perspective and two
positioning operations are performed. After the first
positioning operation the region of the patient which is
to be moved to a defined position, for example a renal
calculus, is situated on a straight line which extends
through this position and parallel to the projection di-
rection of the renal calculus. When the paths of travel in
the first and the second direction are coupled to the
path of travel in the third direction so that the paths of
travel in the first two directions are proportional to the
product of the path of travel in the third direction and
the paths of travel in the first and the second direction
at the end of the first positioning operation, it can be
achieved that the renal calculus is moved exactly along
this straight line. Because the relative displacement of
the marker and the table top displacement is calculated
at the same time, it is ensured that the electronic marker
in the X-ray image coincides with the image of the renal
calculus at the instant at which the renal calculus
reaches the desired position, so that the operator knows
that the positioning operation can be terminated.

It is an advantage of the invention that the patient 1s
already comparatively near to the desired position after
the first positioning operation. Consequently non-
linearities such as may be caused inter alia by the curva-
ture of the entrance screen of the image intensifier used
to form the X-ray images can have only a limited effect
on the accuracy of positioning. A further advantage
consists in that the displacement of the table top and the
electronic marker in the X-ray image can be controlled

- via a control unit which is anyhow required for control-

ling the displacement of the table top.

The different perspectives in which the X-ray images
are formed are realized in a preferred embodiment of
the invention in that the first and the second image are
formed with a central ray extending in different direc-
tions. To this end, the X-ray imaging system must be
constructed so as to be pivotable.

This condition can be dispensed with in a further
embodiment of the invention in that the two X-ray
images are formed using the same direction of the cen-
tral ray, and in that subsequent to the first positioning
operation and prior to the second X-ray exposure the
table top is displaced in the first or the second direction
over a defined distance. Even though the central beam
has the same direction during both exposures, the con-
crement will appear in different perspectives because of
the displacement after the first positioning operation.
However, the accuracy of this method is not quite as
high as that of the previously described method.

BRIEF DESCRIPTION OF THE DRAWING

The invention will be described in detail hereinafter
with reference to the drawings. Therein:

FIG. 1 shows an X-ray apparatus for carrying out the
invention,

FIG. 2 shows a circuit diagram of the table top con-

trol system of such an apparatus, and
FIG. 3 shows the geometrical relationships before

and after the positioning operations.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

F1G. 1 shows a lithotriptor apparatus enabling the
location of concrements (renal calculi), their positioning
in the focus of a shockwave generator, and their crush-
ing. The apparatus comprises a shockwave generator 1
which is capable of generating a shock wave focussed to
focus F. The patient 4 to be examined 1s arranged on a
patient table 2 which comprises a table top 3 which can
be displaced in the x-direction (i.e. horizontally with
respect to the plane of drawing of FIG. 1), in the y
direction (perpendicular to the plane of drawing), and
in the z direction (vertically). The table top must be

10

displaced so that the concrement K within the body of 15

the patient 4 is situated in the focus F of the shockwave
generator 1.

For the displacement of the table top in the x direc-
tion there is provided a drive motor Mx which forms
part of a control circuit, together with a position detec-
tor Px which measures the position in the x direction.
There is also provided a drive motor Mz for displacing
the table top 3 in the z direction and an associated posi-
tion detector Pz. The drive motor My and the position
detector Py for the y direction are not shown in FIG. 1.

The locating and the positioning are performed by
means of an X-ray imaging system which comprises an
image converter § in the form of an tmage intensifier
and a radiation source in the form of an X-ray source 6.
The radiation beam emitted by the X-ray source 6 1s
directed onto the entrance face B of the image intensi-
fier §. The central ray 7, linking the center Bc of the
image intensifier to the focal spot F, extends vertically
in the initial position. The shockwave generator is
moved out of the beam path during locating or position-
ing.

The X-ray source 6 and the image intensifier § are
connected to one another via a supporting arm 8 which
is pivotable about an axis which extends through the
focus F in the y direction. FI1G. 1 also shows the image
intensifier S in a pivoted position, denoted by broken
lines, in which the central beam 7' intersects the vertical
central beam 7 in the focus F.

As appears from F1G. 2, a television camera 9 is
connected to the exit of the image intensifier §, the
video signal of the camera being stored in 2a memory 10
after an X-ray exposure. The stored X-ray image is
displayed on a monitor 11. A marker, for example cross-
hairs 12, represents the focus F and is electronically
superposed on the X-ray image. When the table top is
displaced, the X-ray image and the cross-hairs 12 are
shifted relative to one another on the monitor. This
relative shift can be realized in that the X-ray image is
shifted while the cross-hairs 12 remain stationary. How-
ever, it is more attractive to keep the X-ray image on
the monitor stationary and to shift only the cross-hairs.
The cross-hairs 12 thus move towards the concrement
K in the X-ray image, as the concrement K in the pa-
tient moves towards the focus F. Two signals u and v
are applied to the monitor in order to shift the cross-
hairs 12 within the X-ray image.

As has already been stated, the drive motors Mx, My
and Mz for the displacement of the table top in the x, y
and z directions form control circuits, in conjunction
with the associated position detectors Px, Py and Pz as
well as controllers Rxy and Rz, which circuits deter-
mine the position of the table top. The variables x, y and
z for these control circuits are generated by a control
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unit 13 which calculates the signals x, y and z from the
signals u and v. Unit 13 also stores the paths of travel x1
and y1 obtained at the end of the first positioning opera-
tion in the x direction and the y direction. The signals u
and v which represent the coordinates of the cross hairs
12 are supplied by a coordinate generator 14.

The table top is displaced as follows in order to posi-

tion the concrement K in the focus F of the shockwave
generator 1.

First of all a first X-ray image is formed during which
the X-ray imaging device 5, 6 occupies the position
denoted by non-interrupted lines in FI1G. 1. The central
ray 7 extends in the vertical direction, perpendicularly
to the table top 3. The X-ray image is stored in the
memory 10 and is displayed on the monitor 11. The
table top is then displaced in the x direction and the y
direction, and the cross-hairs 12 are shifted on the dis-
play screen 11 in proportion to the movement of the
patient on the table top.

FIG. 3 shows the geometrical relationships in the
X-ray images, be it that the angle of aperture of the
X-ray beam is shown to be substantially larger than i1s
possible in the device shown in FIG. 1. The position of
the X-ray source during the first X-ray exposure 1s de-
noted by the reference L1. K1 denotes the position of
the concrement K prior to the positioning operation. Bl
denotes a point on the plane of screen B of the image
intensifier. The entrance screen is a relatively large
area. This area is represented by a straight line only in
the region between the entrance screen center and the
projection K1 of the concrement K1. The distance X1’
between the focus F and the projection K1 of the con-
crement K1 is measured on a plane X1 extending per-
pendicularly to the central ray 7 and through the focus
F. The angle B1 is enclosed by the X-ray beam ray 7
incident on the concrement K1 and the central ray 7.

For the first positioning operation succeeding the
first X-ray exposure it is assumed that the concrement is
situated in a plane which contains the focus F and
which extends perpendicularly with respect to the cen-
tral ray 7, and that positioning 1s performed so that, if
the concrement were actually situated in the plane con-
taining the focus F and extending perpendicularly with
respect to the central ray, the concrement would be
positioned in the focus F at the end of the positioning
operation. The patient is thus displaced over the dis-
tance x1’ in the x direction and accordingly in the y
direction over a distance yl' which is not shown iIn
FIG. 3. However, because the concrement K1 is situ-
ated in a plane which is situated at the distance z2 from
the plane x1, the displacement in the x-direction (and
the y-direction) is too large, so that the concrement will
not be situated on the central ray 7 at the end of the first
positioning operation. The position of the concrement
at the end of the first positioning operation and prior to
the second X-ray exposure is denoted by the reference
K2 in FIG. 3. The distance between K1 and K2
amounts to distance x1'.

In order to check that the concrement occupies the
desired position at the end of the first exposure, the
cross-hairs 12 in the X-ray image on the monitor 11 are
shifted by the signals u and v simultaneously with and in
proportion to the displacement of the table top. The
following relationship then exists between x and y and u
and v:

x=ga-c-u/d

(1)
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y=a-cv/d (2)

Therein, a is the distance between F and L1, d 1s the
distance between the radiation source L1 and the en-
trance plane of entrance screen B of the image intensi- s
fier, and c is a proportionality factor, which represents
the quotient between 1) of the distance between a point

B’ on the entrance plane of the image center B, of the
intensifier § and the image intensifier entrance and 2)
the value of the signal u or v which is required for 10
making the cross-hairs 12 coincide with the image of
this point on the monitor. In other words, c i1s a correc-
tion factor for centering the cross hair positions on the
intensifier entrance at point B.. Assuming ray 7 is at the
center B, of the intensifier §, then C has a value B1'/p 15
for the x component of point B" or B1''/v, where B1"
(not shown in the Figure) represents the y component

of point B’ from the center B..

In accordance with the equations (1) and (2) the con-
trol unit 13 thus forms the signals x and y from the 20
signals u and v supplied by the coordinate generator 14.
When the concrement has reached the position denoted
by the reference K2 in FIG. 3, the concrement K and
the cross-hairs 12 coincide on the monitor, even though
the concrement K2 is not situated on the central ray 7 as 2°
appears from FIG. 3. The values x1' and y1' which are
supplied by the position detectors Px and Py at the end
of the positioning operation are stored in the control
unit 13.

As appears from FIG. 3, at the end of the first posi-
tioning operation the concrement K2 is situated at a
distance x2 from the focus F in the x direction and at the
distance 22 from focus F in the z direction. Because the
connecting line 7" between K2 and F has the same
direction as the connecting line between L1 and K1, the
angle between the connecting lines F-K2 and the cen-
tral ray corresponds to the angle 81; 81 1s

30

35

81=arctan(x1'/a) (3)

For a point on the connecting line F-K2 the equations

xX=2Xx/0 (4)
and 45
y=zyl'/a (5)

are applicable.

In accordance with the equations (4) and (5) the con- s

crement is shifted along a straight line 7' through the
focus F when the coordinates x, y and z relate as de-
fined by the equations (4) and (5). Thus, 1t is only neces-
sary to recognize when the concrement F is situated
exactly in the focus, so that the shift can be terminated. 55
This is realized by means of a second X-ray image for
which the X-ray imaging device is pivoted through an
angle b of, for example 40°. Angle b must be larger than
half the angle of aperture in order to ensure that the
radiation beam completely covers the entrance planes 60
of the image intensifier. The second X-ray image 1s
stored in the digital image memory 10 and is displayed
on the monitor 11, u and v being preset so that the
cross-hairs 12 again occupy their original position
(image center). Subsequently, the second positioning 65
operation is performed, the table top being displaced in
all three directions until the cross-hairs 12 and the image
of the concrement on the monitor coincide.

6

It can be demonstrated that the cross-hairs on the
monitor coincide with the image of the concrement and
that at the same time the concrement reaches the focus
when the following conditions are satisfied:

1. The values x and y are modified 1n dependence on
z in accordance with the equations (4) and (5). This
means that x and y are also modified relatively to one
another in a well-defined ratio (x1'/y1’). The resultant
shifts for the x direction for the second operation and
the y direction must be made in addition to the shifts
already performed during the first positioning opera-
tion. Consequently, during the second positioning oper-
ation the values x1’ and y1’ must be added to the values
calculated according to the equations (4) and (5), for the
first operation respectively, in order to calculate the
desired values for the x position and the y position for
the second positioning operation.

2. The same relationship exists between v and u as
between y and x, i.e. the following equation holds good:

y=u-y1'/x¥’ (6)

3. The variables z and u, determining the table top
displacement (X, y, z) in accordance with the equations
(4) and (5) and the shift of the cross-hairs (u, v) 1n accor-
dance with the equation (6), relate in accordance with
the following equation:

2=u-A/(B+uD) {7)

Therein, A, B and D are constants which are deter-
mined by the imaging device, i.e. by the values a, ¢ and
d, the pivot angle b and the angle 1, during the first
X-ray exposure in accordance with the equations

A=a-ccos(81) (8)
=d-sin(b+ S1) (%)
D=c-.cos(b+B81) (10)

The pivot angle b is either known in advance when
the X-ray imaging system §, 6 is pivoted each time to an
accurately defined angular position, or i1s measured by
means of a suitable angle detector which is coupled to
the supporting arm 8. The angle 31 results from the
value x1' measured and stored after the first exposure 1n
accordance with the equation (3).

In accordance with the above conditions, u and v can
no longer be independently selected for the second
positioning operation. Consequently, for the second
positioning operation v is not directly present via the
generator 14 but is calculated from the value u by the
control unit 13 in accordance with the equation (6).
This different formation of v during the two positioning
operations is diagrammatically represented by a switch-
ing unit 15 which connects one control input of the
monitor to the output of the generator 14 duning the
first positioning operation and connects this input to an
output of the control unit 13 during the second position-
ing operation. From the value u the control unit 13 also
calculates the value z in accordance with the equation
(7) or the values x and y.

The calculation can be step-wise performed during
the second positioning operation so that in each position
the associated values of u, v, z, x, and y are calcuated for
the next shifting step of the cross-hairs and the table top.
This implies that the control unit 13 must perform these
calculations at a corresponding speed. However, it 1s in
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principle also possible to calculate and store the associ-
ated pairs of values for all steps already after the first
positioning operation, and to fetch the paris of values
stored for the reievant position during the second posi-
tioning operation. However, this necessitates a corre-
spondingly large storage capacity of the control unit 13.

Instead of calculating the value z from u it 1s also
possible to caiculate the value u from z. In accordance
with the equation (7) this is possible only by way of a
digital iteration method, but the execution of such a
method is not problematic when use is jade of a suitable
constructed control unit (microprocessor). In this case
the operator presets the table top displacement in the
z-direction via a suitably constructed control unit and
all other values (x, vy, u and v) are derived therefrom so
that the operator can thus directly determine the speed
of displacement.

For the example whose geometry is shown in FIG. 3
it was assumed that the concrement was situated below
the plane X1 defined by the focus F. In such a case the
concrement 1s imaged to the left of the cross-hairs in one
X-ray image and to the right of the cross-hairs 12 in the
other X-ray image. Consequently, the sign of u is re-
versed dunng the positioning operations. However, if
the concrement were situated above F, i.,e. between the
parallel planes defined by the image intensifier entrance
plane through B and plane X1 through the focus F, the
concrement would be 1maged on the same side of the
cross-hairs also after the second X-ray exposure. In this
case u should be vaned in the same direction during the
two positioning operations. On the other hand, in the
latter case z should ve varied in the opposite direction in
comparison with the situation where the concrement is
situated underneath F. The sign of the displacement of
the table top 1n the z direction, therefore, can be unam-
biguously derived from the vanation of u during the
first positioning operation (or from the sign of x1) and
the sign of u during the second positioning operation.

So as not to endanger the patient during the pivoting
of the image intensifier in the position for the second
X-ray exposure, the distance between the image intensi-
fier 5 and the focus F can be increased by shifting the
image intensifier in the longitudinal direction of the
supporting arm 8. In such a case the constants A, B and

D 1n the equation (7) must be adapted to the changed
geometry.

The operation of the control unit 13 is digital; the
D/A or A/D converters which are possibly required
and via which this unit cooperates with the other units
are not shown in FIG. 2. Preferably, the control unit is
realized by means of a microprocessor which controls
the positioning operations in accordance with a suitable
program. In that case the changing of the generating of
the signal v during the second positioning operation,
performed by a switching device 15 in FIG. 2, can be
realized on the basis of software. The microprocessor
may also perform the function of the controllers Rxy
and Rz.

The method described above was performed so that
the X-ray imaging system was pivoted through a given
angle after the first X-ray exposure, so that different
relative orientations occur during the two X-ray expo-
sures. Considering that the concrement is also imaged
from different orientations because of the patient dis-
placement prior to the second X-ray exposure, it will be
apparent that the pivoting of the X-ray imaging system
1s not absolutely necessary per se in order to obtain
different relative orientations.
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Therefore, the second X-ray exposure can aiso be
performed with the same direction of the central ray,
i.e. the X-ray imaging system need not be pivotable. In
order to obtain different orientations, when the central
ray already happens to pass through the concrement
during the first exposure, the table top must be addition-
ally displaced over a defined distance relative to the
central ray, or vice versa, after the first positioning
operation and before the second X-ray exposure. This
additional displacement must be neutralized again dur-
ing the second positioning operation (after the second
exposure). The simple relationships in accordance with
the equations (1) and (2) again hold good. However,
because the differences in the orientations are smallcr
than when the X-ray imaging system is pivoted, the
positioning accuracy that can be achieved by means of

this embodiment 1s lower.

I claim:

1. Apparatus for positioning a patient on a table top
compprising:

means for forming a first x-ray image from a first

orientation relative to the table top;

means for electronically storing the first image;

means for displacing the table top in first and second

orthogonal directions duning a first positioning
operation;
means for superimposing an electronic marker over
the first image, the marker and image being shifted
relative to one another and in accordance with the
magnitude of displacement of said first operation;

means for forming a second X-ray image from a sec-
ond orientation relative to the table top;

means for electronically storing the second image;

means for displacing the table top in the first and

second directions and 1n a third direction orthogo-
nal to the first and second directions during a sec-
ond positioning operation;
means for automatically linking the displacement in
the third direction the displacements in the first and
second directions of the first operation wherein the
magnitude of displacement in the first and second
directions of the second operation is proportional
to the product of the magnitude of displacement in
the third direction with the magnitude of displace-
ment in the first and the second directions of the
first positioning operation;
means for calculating the relationship between the
relative shift in displacement of the marker and the
table top from the magnitudes of displacement of
the table top after forming the first image; and

means for displacing the table top in accordance with
said calculations.

2. The apparatus of claim 1 wherein said means for
forming said first and second images includes X-ray
means having a given central ray such that the first and
second orientations include maintaining said central ray
in relative fixed position.

3. The apparatus of claim 1 wherein said means for
forming said first and second images inlcudes X-ray
means having a given central ray and means for pivot-
ing the X-ray means from a first to a second position
corresponding respectively to said first and second
orientations.

4. The apparatus of claim 3 wherein said means for
displacing displaces said table relative to a reference
point, said X-ray means comprising an X-ray image
intensifier and an X-ray source for directin rays on the
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intensifier, said X-ray means being pivotable about a
pivot defining said reference point.

§. An appartaus as claimed in claim 4, further com-
prising a shockwave generator (1) having a focus at said
poInt.

6. A method of positioning a patient on a table top
comprsing: |

forming a first X-ray image from a first orientation

relative to the table top;
electronically stonng the first image;
displacing the table top in first and second orthogonal
directions during a first positioning operation;

superimposing an electronic marker over the first
image, the marker and image being shiafted relative
to one another in accordance with the magnitude
of displacement of said first operation relative to
the table top;

forming a second X-ray image from a second onenta-

tion relative to the table top;

electronically storing the second image; |

displacing the table top in the first and second direc-

tions and in a third direction orthogonal to the first
and second directions during a second positioning
operation;
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automatically linking the displacement in the third
direction to the displacements in the first and sec-
ond directions of the first operation wherein the
magnitude of displacement in the first and second
directions of said second operation is proportional
to the product of the magnitude of displacement in
the third direction with the matnitude of displace-
ment in the first and in the second directions of the
first positioning operation; |

calculating the relationship between the relative shaft

in displacement of the marker and the table top
from the magnitudes of displacement of the table
top after forming the first image; and

displacing the table top in accordance with said cal-

culations.

7. A method as claimed in claim 6 wherein the first
and the second images are formed with a central ray
extending in different directions.

8. A method as claimed in claim 6 wherein the images
are formed with x-rays having a central ray, the first
and second x-ray images are formed using the same
position and direction of the central ray, the table top
being displaced over a defined distance in the frist and
the second directions after the first positioning opera-

tion and before forming the second image.
% * X % ¥
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